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Interferon-Gamma Enhances TLR3 Expression and
Anti-Viral Activity in Keratinocytes
Ai Kajita1, Shin Morizane1, Tetsuya Takiguchi2, Takenobu Yamamoto3, Masao Yamada4 and
Keiji Iwatsuki1
Toll-like receptors (TLRs) recognize speciﬁc microbial products in the innate immune response. TLR3, a double-
stranded RNA sensor, is thought to have an important role in viral infections, but the regulation of TLR3
expression and its function in keratinocytes are not fully understood. Here we show the Th1 cytokine IFN-γ
increased the TLR3 expression via STAT1 in cultured normal human epidermal keratinocytes (NHEKs). Co-
stimulation with IFN-γ and the TLR3 ligand poly (I:C) synergistically increased the expression of IFN-β, IL-6, IL-8,
and human β-defensin-2 in NHEKs compared with poly (I:C) or IFN-γ alone. These synergistic inductions were
signiﬁcantly inhibited by an endosomal acidiﬁcation inhibitor, chloroquine, and by TLR3 siRNA. Co-stimulation
with IFN-γ and poly (I:C) also signiﬁcantly enhanced the anti-viral activity against herpes simplex virus type-1 in
NHEKs compared with poly (I:C) or IFN-γ alone. In addition to the in vitro ﬁndings, an immunohistochemical
analysis revealed IFN-γ–positive cells surrounding herpetic vesicles. These ﬁndings indicate that IFN-γ might
contribute to the innate immune response to cutaneous viral infections by enhancing TLR3 expression and
function in keratinocytes.
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INTRODUCTION
The epidermis is the ﬁrst line of innate host defense against
microbial invasion. Toll-like receptors (TLRs), members of the
family of pattern-recognition receptors, recognize speciﬁc
microbial products and induce inﬂammatory responses (Akira
et al., 2001; Kollmann et al., 2012). In humans, 10 different TLRs
have been reported, and TLR3, TLR7, and TLR8 are thought to
function as detectors against viral infections (Akira et al., 2001;
Alexopoulou et al., 2001; Chuang and Ulevitch, 2001; Prehaud
et al., 2005). TLR3 recognizes double-stranded RNA and is
considered to have an important role in viral infections
(Alexopoulou et al., 2001; Matsumoto and Seya, 2008; Kumar
et al., 2009; Matsumoto et al., 2011; Zhang et al., 2013).
Our group recently observed that TLR3 expression is
increased in keratinocytes around herpetic vesicles
(Takiguchi et al., 2014). Although herpes simplex virus
type-1 (HSV-1) is a double-stranded DNA virus, it produces
double-stranded RNA in infected cells (Jacobs and Langland,
1996; Melchjorsen et al., 2006). TLR3 has also been reported
to be vital for innate immunity to HSV-1 in the central nervous
system (Casrouge et al., 2006; Zhang et al., 2007; Guo et al.,
2011). It is thus important to understand the regulation of
TLR3 expression and function in keratinocytes during viral
infections such as herpes simplex.
It was reported that CD4+ T-cells, as well as CD8+ T-cells are
responsible for the development of herpetic vesicles (Morizane
et al., 2005). There are several subsets of CD4+ T-cells, and
some of them have an effect on pro-inﬂammatory responses.
Th1 and Th17 cells in particular have crucial roles in HSV
infections (Sloan and Jerome, 2007; Koelle and Corey, 2008;
Suryawanshi et al., 2011; Veiga-Parga et al., 2012). However,
the inﬂuence of Th1 and Th17 cytokines on TLR3 expression in
keratinocytes has not been well studied, although a Th1
cytokine, IFN-γ, is reported to enhance TLR3 mRNA synthesis
in A549 epithelial and human umbilical vein endothelial cells
(Miettinen et al., 2001). Here we report that IFN-γ induces
TLR3 expression and enhances anti-viral activity in keratino-
cytes, which might contribute to the innate immune response
in the skin.
RESULTS
The Th1 cytokine IFN-γ increases TLR3 expression in
keratinocytes
To investigate whether some inﬂammatory cytokines
expressed in cutaneous viral infections regulate TLR3 expres-
sion in keratinocytes, we stimulated normal human epidermal
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keratinocytes (NHEKs) with panels of inﬂammatory cytokines.
As shown in Figure 1, the Th1 cytokine IFN-γ signiﬁcantly
increased TLR3 mRNA expression in keratinocytes, but the
Th2 cytokines, IL-4 and IL-13, and the Th17 cytokines, IL-17,
IL-22, and IL-23, did not (Figure 1a). TLR3 protein increase
paralleled TLR3 mRNA induction by IFN-γ (Figure 1b).
IFN-γ induced TLR3 expression in NHEKs in a dose-
dependent manner between 0.1 and 100 ngml−1 (Figure 1c).
A peak increase in TLR3 mRNA expression was observed at
48 hours after the addition of IFN-γ (Figure 1d). As IFN-γ is
known to activate the transcription factor signal transducer
and activator of transcription (STAT)-1, we investigated
whether the induction of TLR3 expression is dependent on
STAT1. As expected, the knockdown of STAT1 by using
siRNA gene silencing signiﬁcantly suppressed TLR3 expres-
sion induced by IFN-γ (Figure 1e and f).
IFN-γ and poly (I:C) synergistically induce IFN-β, IL-6, IL-8, and
HBD-2 expression in keratinocytes
To evaluate the functional signiﬁcance of TLR3 in keratino-
cytes, we measured the mRNA abundance of a type-1
interferon IFNB1, an inﬂammatory cytokine IL-6, a chemo-
kine IL-8, and an antimicrobial peptide DEFB4 in the
presence of the TLR3 ligand poly (I:C). Poly (I:C) by itself
had effects on keratinocytes but greatly increased IFNB1, IL-6,
IL-8, and DEFB4 mRNA in the presence of IFN-γ (Figure 2a–
d). Corresponding increases of IFN-β, IL-6, IL-8, and HBD-2
protein were also conﬁrmed by ELISA (Figure 2e–h).
The synergistic induction of IFN-β by IFN-γ and poly (I:C) in
keratinocytes is mediated by TLR3
We next examined whether the synergistic induction of IFN-γ
and poly (I:C) is mediated by TLR3 in keratinocytes. The IFN-β
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Figure 1. The Th1 cytokine IFN-γ increases toll-like receptor (TLR3) expression in keratinocytes. (a) Normal human epidermal keratinocytes (NHEKs) were
stimulated with IFN-γ (2 ng ml−1), IL-4, IL-13, IL-17A, IL-22, IL-23, or tumor necrosis factor-α (TNF-α; 50 ng ml−1) for 24 hours. The relative mRNA expression of
TLR3 to GAPDH was measured by quantitative real-time PCR (qPCR). (b) NHEKs were stimulated with IFN-γ (2 ng ml− 1) or the vehicle for 24 hours. The
expression of TLR3 was examined by immunocytoﬂuorescence, and nuclei were visualized with DAPI. Bar=10.00 μm. (c) NHEKs were stimulated with IFN-γ
(0.1, 1, 10, or 100 ngml−1) for 24 hours. (d) NHEKs were stimulated with IFN-γ (2 ng ml− 1) for 0, 1, 3, 6, 12, 24, 48, or 96 hours. The expression of TLR3 mRNA
was measured by qPCR. (e and f) NHEKs were transfected with siRNA control or speciﬁc siRNA for STAT1. After 24 hour transfection, cells were stimulated with
IFN-γ (2 ng ml−1) for another 24 hours. Data are mean± SEM of triplicate samples and representative of three independent experiments. *Po0.05, ***Po0.001.
C, control siRNA; S, STAT1 siRNA.
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induced by IFN-γ and poly (I:C) was signiﬁcantly inhibited by
an endosomal acidiﬁcation inhibitor, chloroquine, which
blocks endosomal TLR signaling (Figure 3a). We also
evaluated whether TLR3 is required for the induction of
IFN-β in NHEKs by using siRNA-mediated gene silencing.
TLR3 siRNA signiﬁcantly suppressed IFN-β protein expression
induced by IFN-γ and poly (I:C) (Figure 3b and c).
IFN-γ enhances the poly (I:C)-induced anti-viral activity in
keratinocytes
As poly (I:C)-induced TLR3 signaling is reported to enhance
anti-viral activity in keratinocytes (Kalali et al., 2008), we
investigated whether co-stimulation with IFN-γ and poly
(I:C) could synergistically affect virus proliferation in kerati-
nocytes incubated with HSV-1. IFN-γ alone was also capable
of inhibiting viral proliferation in NHEKs (Figure 4a), although
it did not greatly increase IFN-β expression (Figure 4b).
However, co-stimulation with poly (I:C) and IFN-γ further
decreased the viral plaque numbers compared with IFN-γ or
poly (I:C) alone (Figure 4c).
IFN-γ-producing cells inﬁltrate around herpetic vesicles
As our in vitro experiments suggested that IFN-γ could
contribute to the innate immunity in cutaneous viral infec-
tions, we next investigated the expression of IFN-γ in the
herpes simplex lesions. As expected, the immunohistochem-
ical analysis revealed IFN-γ-positive lymphoid cells surround-
ing herpetic vesicles (Figure 5a–c).
DISCUSSION
Our group recently demonstrated that TLR3 expression is
increased in keratinocytes around herpetic vesicles (Takiguchi
et al., 2014). TLR3 is a sensor for viral double-stranded RNA,
and it triggers anti-viral immune responses during viral
infections (Akira et al., 2006; Dai et al., 2006; Ermertcan
et al., 2011). In addition, Lai et al showed that TLR3 activation
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Figure 2. IFN-γ and poly (I:C) synergistically induce IFN-β, IL-6, IL-8, and HBD-2 expression in keratinocytes. (a–h) Normal human epidermal keratinocytes
(NHEKs) were stimulated with IFN-γ (2 ng ml−1) for 12 hours and then poly (I:C) (0.1 μgml−1) for 24 hours. (a–d) The expression of IFNB1 (IFN-β), IL6 (IL-6), IL8
(IL-8), and DEFB4 (HBD-2) mRNA was measured by quantitative real-time PCR (qPCR). (e–h) Protein expression of IFN-β, IL-6, IL-8, and HBD-2 in the media was
measured by ELISA. Data are mean± SEM of triplicate samples and representative of three independent experiments. **Po0.01 and ***Po0.001.
A Kajita et al.
IFN-γ Enhances TLR3 Reactivity in Keratinocytes
www.jidonline.org 2007
is required for inﬂammation after injury and that keratinocytes
require TLR3 to respond to RNA from damaged cells with the
release of inﬂammatory cytokines. It was also reported that
the response to both UV radiation–damaged self-RNAs and
UV radiation–damaged keratinocytes is dependent on TLR3
(Bernard et al., 2012). Therefore, TLR3 might recognize not
only viral RNA but also self-RNA released from degenerated
keratinocytes surrounding viral vesicles. Here we have shown
that a Th1 cytokine IFN-γ enhances TLR3 expression and
function in keratinocytes.
IFN-γ, a 20 kDa type-II IFN, is secreted by T-cells, natural
killer cells, macrophages, dendritic cells, and B cells but
especially by Th1 cells (Meyer, 2009; Pollard et al., 2013).
IFN-γ skews the immune responses toward the Th1 phenotype
(Abbas et al., 1996; Boehm et al., 1997; Agnello et al., 2003;
Kelchtermans et al., 2008), which enhances innate immunity,
speciﬁc cytotoxic immunity, and macrophage activity
(Schroder et al., 2004). IFN-γ binds to the IFN-γ receptor
(IFNGR) complex comprising IFNGR1 and IFNGR2. The
IFNGR1 subunit is constitutively associated with Jak1,
whereas IFNGR2 with Jak2. The associated Jak1 and Jak2
phosphorylate and activate STAT1, which leads to the
homodimerization. Thereafter, STAT1 homodimers move to
the nucleus and bind to promoter IFN-γ-activation site
elements to initiate or suppress transcription of IFN-γ–
regulated genes (Schroder et al., 2004). Our present ﬁndings
revealed that the induction of TLR3 expression by IFN-γ is
dependent on STAT1 in keratinocytes. However, further
studies are needed to determine whether STAT1 binds
directly to the promoter region of TLR3 gene or some IFN-
γ–regulated molecules secondly induce TLR3 expression.
We then found that IFN-γ and poly (I:C) synergistically
induce the expression of cytokines and antimicrobial peptides
in keratinocytes. We also showed that this synergistic
induction of IFN-β by IFN-γ and poly (I:C) in keratinocytes
is mediated by TLR3. Our group reported that the cathelicidin
antimicrobial peptide LL-37 enhances TLR9 expression
and function (Morizane et al., 2012). Similarly, our present
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Figure 3. The synergistic induction of IFN-β by IFN-γ and poly (I:C) in keratinocytes is mediated by toll-like receptor-3 (TLR3). (a) Normal human epidermal
keratinocytes (NHEKs) were stimulated with IFN-γ (2 ng ml−1) for 12 hours, chloroquine (50 μgml− 1) for 1 hour, and then poly (I:C) (0.1 μgml−1) for 24 hours.
The protein expression of IFN-β in the media was measured by ELISA. (b and c) NHEKs were transfected with siRNA control or speciﬁc siRNA for TLR3.
After 24 hour transfection, cells were stimulated with IFN-γ (2 ng ml−1) for 12 hours and then poly (I:C) (1 μg ml−1) for 24 hours. The protein expression of IFN-β
in the media was measured by ELISA. Data are mean± SEM of triplicate samples and representative of three independent experiments. **Po0.01 and
***Po0.001. C, control siRNA; T, TLR3 siRNA.
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Figure 4. IFN-γ enhances the anti-viral activity induced by poly (I:C) in keratinocytes. (a and c) Normal human epidermal keratinocytes (NHEKs) were
stimulated with IFN-γ (2 ng ml−1) for 12 hours and poly (I:C) (1 μgml−1) for 24 hours and then co-incubated with HSV-1 (multiplicity of infection (MOI)= 0.001)
for 48 hours. Viral plaque numbers were counted using crystal violet. (b) NHEKs were stimulated with IFN-γ (2, 20, or 200 ngml−1) for 24 hours. The expression
of IFNB1 (IFN-β) mRNA was measured by quantitative real-time PCR (qPCR). Data are mean± SEM of triplicate samples and representative of three independent
experiments. ***Po0.001.
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ﬁndings suggest that this synergistic induction may be due to
the increase in TLR3 expression and the function induced by
IFN-γ. Poly (I:C) is also recognized by MDA5 and RIG-I (Kalali
et al., 2008; Kimura et al., 2012), but we here have
demonstrated that this synergistic induction is, at least in
part, mediated by TLR3.
We further focused on the effect of the co-stimulation on
anti-viral activity in NHEKs. Some cytokines have been
reported to increase anti-viral activity. For example, IL-29
enhances anti-viral activity through an increase in TLR3 in
keratinocytes (Zhang et al., 2011). Another research group
reported that IL-29 and IFN-α amplify the anti-viral activity
response in human monocyte–derived macrophages and
dendritic cells from peripheral blood (Melchjorsen et al.,
2006). The results of the present study showed that IFN-γ
induces TLR3 expression and enhances anti-viral activity in
NHEKs. IFN-γ alone, IFN-β, and some antimicrobial peptides
have also anti-viral activities (Hazrati et al., 2006; Lembo
et al., 2006; Crack et al., 2012; Wilson et al., 2013). Among
them, IFN-β is reported to be the major factor responsible for
anti-viral activity in human keratinocytes (Torseth et al., 1987;
Fujisawa et al., 1997). As IFN-γ alone did not directly induce
IFN-β expression in NHEKs (Figure 4b), the enhancement of
anti-viral activity by the co-stimulation seems to be mainly
caused by the increase in IFN-β induced via TLR3. However,
because of technical limitation in our culture system, there is
no direct evidence for the involvement of IFN-β in the
increase in anti-viral activity. Further investigation is required
to establish the mechanism underlying the increase in anti-
viral activity by the co-stimulation.
In herpetic vesicles, keratinocytes express major histocom-
patibility complex class II induced by IFN-γ, which is present
at high titers in vesicle ﬂuid and secreted by the surrounding
inﬁltrating CD4+ T lymphocytes (Cunningham and Merigan,
1983,1984). Here we observed that IFN-γ-producing cells
inﬁltrate around herpetic vesicles. These cells showed
lymphoid morphology, and our previous study revealed that
CD3, CD4, and CD8-positive cells but not CD20- or CD56-
positive cells were observed around herpetic vesicles
(Morizane et al., 2005). Thus, IFN-γ–producing cells here
should be CD4-positive Th1 and/or CD8-positive cytotoxic T
lymphocytes. Combined with the importance of TLR3 in viral
infections, our ﬁndings suggest that the Th1 cytokine
IFN-γ might contribute to an enhancement of innate immunity
in cutaneous viral infections such as herpes simplex. Although
it is well known that innate immune responses trigger
acquired immunity (Akira et al., 2001), our ﬁndings show
that acquired immune responses such as Th1-dominant
inﬁltration might enhance innate immunity including anti-
viral responses, which seems like a positive feedback loop for
anti-viral activity.
In the skin, HSV-1 and -2 cause herpes simplex and Kaposi
varicelliform eruption, a severe disseminated infection com-
monly seen in individuals with atopic dermatitis. These
diseases often reoccur, although acyclovir has been used to
effectively suppress virus proliferation at the clinical level.
Further investigations to clarify the signiﬁcance of TLR3
signaling mechanisms might provide a new strategy for the
treatment of herpes simplex.
MATERIALS AND METHODS
Skin biopsies
This study was approved by the Ethics Committee of Okayama
University (No. 1087) and performed in accordance with the
Declaration of Helsinki Principles. Skin samples were collected from
patients with herpes simplex and healthy volunteers. For all
procedures, written informed consent was obtained. All samples were
formalin ﬁxed and parafﬁn embedded.
Cell culture and stimuli
NHEKs were obtained from Cascade Biologics/Invitrogen (catalog #:
C-001-5C, Portland, OR) and grown in serum-free EpiLife cell culture
media (Cascade Biologics/Invitrogen) containing 0.06mM Ca2+ and
1x EpiLife Deﬁned Growth Supplement (Cascade Biologics/Invitro-
gen) at 37 °C under standard tissue culture conditions. Cultures were
maintained for up to eight passages in this medium with the addition
of 100 IUml−1 penicillin and 50 μg ml−1 streptomycin.
The cells were stimulated with tumor necrosis factor-α (50
ngml− 1, Chemicon, Temecula, CA), IFN-γ (0.1–200 ngml− 1, R&D
systems, Minneapolis, MN), IL-4, IL-17A, IL-22, IL-23 (50 ngml−1,
R&D systems), poly (I:C) (HMW, 0.1 μg ml−1, InvivoGen, San Diego,
CA), and chloroquine (50 μg ml−1, Sigma-Aldrich, St Louis, MO) in
24-well ﬂat bottom plates (Corning Life Sciences, Lowell, MA) for 1–
96 hours. After the cell stimulation, the total cell media were stored at
− 20 °C until analysis. RNA was extracted using TRIzol reagent
(Invitrogen, Carlsbad, CA) after supernatant collection. RNA was
stored at − 80 °C.
Figure 5. IFN-γ-positive cells inﬁltrate around herpetic vesicles. The
expression of IFN-γ was examined by immunohistochemistry in biopsy
specimens from normal skin (a) and herpes simplex lesions (b and c).
Bar=100 μm. (c) The higher magniﬁcation of b. Data are representatives
of three samples.
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siRNA transfection
NHEKs were transfected with siRNA control or speciﬁc siRNA for
TLR3 (Cell Signaling Technology, Danvers, MA) or STAT1 (Santa
Cruz, Dallas, TX) using Lipofectamine RNAiMax (Invitrogen). After
24-hour transfection, the cells were stimulated with IFN-γ and poly (I:
C) for another 24 hours.
Quantitative real-time PCR (qPCR)
Complementary DNA was synthesized from RNA by the iScript
cDNA Synthesis Kit (BioRad, Hercules, CA) as described by the
manufacturer’s protocol. TaqMan Gene Expression Assays (Applied
Biosystems, Foster City, CA) were used to analyze the expressions
of human TLR3 (assay ID: Hs00152933_m1), IL6 (assay ID:
Hs00174131_m1), IL8 (assay ID: Hs00174103_m1), DEFB4 (assay
ID: Hs00823638_m1), IFNB1 (assay ID: Hs01077958_s1), and
STAT1 (assay ID: Hs01013989_ml) per the manufacturer’s instruc-
tions (User bulletin #2 by Applied Biosystems). GAPDH mRNA was
detected by a probe: VIC-CATCCATGACAACTTTGGTA-MGB;
primers: 5′-CTTAGCACCCCTGGCCAAG-3′ and 5′-TGGTCATG
AGTCCTTCCACG-3′, and was used as an internal control to validate
RNA for each sample. Each mRNA expression was calculated as the
relative expression to GAPDH mRNA, and all data are presented as
fold change against each control (mean of non-stimulated cells).
ELISA
We used ELISA to measure IL-6, IL-8, HBD-2, and IFN-β protein in
NHEK cultured media. Ninety-six–well EIA plates (Corning Life
Sciences) were coated with mouse monoclonal anti-IL-6, IL-8, or
HBD-2 antibody (2.0 μgml− 1, 4.0 μgml− 1, R&D Systems or 100
μg ml−1, Peprotech, Rocky Hill, NJ, respectively) at 20–25 °C
overnight. After washing with phosphate-buffered saline (PBS)
containing 0.05% Tween 20 (washing buffer), the wells were
blocked with PBS containing 1% bovine serum albumin for 1 hour
at 20–25 °C. Following incubation with the cultured media or
recombinant IL-6, IL-8 (R&D systems), or HBD-2 (Peprotech) as
standards for 2 hours, biotinylated goat anti-IL-6, IL-8, or HBD-2
antibody (200 ngml− 1, 20 ngml−1, R&D Systems, or 100 μg ml−1,
Peprotech, respectively) was used as the detection antibody.
Streptoavidin-conjugated horseradish peroxidase (R&D Systems or
Peprotech) and 3,3′5,5′-tetramethylbenzidine substrate (BD Bios-
ciences, San Jose, CA) were used for colorimetric quantiﬁcation, and
reactions were stopped by 0.2M sulfuric acid (Sigma-Aldrich). IFN-β
in the culture media was measured by a commercial sandwich ELISA,
following the manufacturer’s instruction (PBL InterferonSource,
Piscataway, NJ). The absorbance at 450 nm was monitored with
SpectraMax Plus384 (Molecular Devices, Sunnyvale, CA), and
concentrations in the samples were calibrated from the standard
curve of recombinant IL-6, IL-8, HBD-2, or IFN-β using SoftMax
Pro4.6 (Molecular Devices).
Immunohistochemistry
Immunostaining was performed at Kyodo Byori (Kobe, Japan).
Formalin-ﬁxed, parafﬁn-embedded blocks were cut into 5-μm
sections and mounted on the glass slides. The slides were
deparafﬁnized and incubated for 15 minutes with hydrogen peroxide
and for 10 minutes with Blocking I (#03953-95, Nakaraitesuku,
Kyoto, Japan) at 20–25 °C. The sections were then incubated with the
anti-human IFN-γ polyclonal antibody (#BS3486, Bioworld, St.Louis
Park, MN) at 4 °C for overnight. The slides were incubated for 30
minutes with a secondary anti-rabbit IgG polyclonal antibody
conjugated with peroxidase (#424144, Nichirei, Tokyo, Japan).
Reaction products were revealed using 3-3′-diaminobezidine-4HCl
(DAB) for 5 minutes. The slides were then counterstained with
hematoxylin.
Immunocytoﬂuorescence
For the immunocytoﬂuorescence examination, NHEKs were grown
on chamber slides. Cells were stimulated with IFN-γ or the vehicle for
24 hours. After the culture media were removed, the cells were ﬁxed
with 4% paraformaldehyde, blocked with 3% bovine serum albumin
in PBS, and incubated with the mouse monoclonal anti-TLR3
antibody (Abcam, Cambridge, MA) at 4 °C overnight. After washing
with PBS, AlexaFluor 488-conjugated goat anti-mouse IgG antibody
(Cell Signaling Technology) was used as the second antibody.
Sections were mounted in 4′,6-diamidine-2′-phenylindole dihy-
drochloride (Roche Diagnostics, Indianapolis, IN). Images were
obtained by a confocal laser scanning microscope (LSM510, Zeiss,
Jena, Germany) at the Central Research Laboratory, Okayama
University Medical School.
Viral plaque assay
Wild-type HSV-1(KOS strain) was obtained from the Research Institute
for Microbial Diseases, Osaka University. Sub-conﬂuent NHEKs were
stimulated with IFN-γ, poly (I:C), or their combination for 24 hours on
six-well plates. NHEKs were then infected with HSV-1 (multiplicity of
infection (MOI)=0.001) and incubated for 1 hour at 37 °C to allow
virus adsorption. The culture medium was then replaced with newly
prepared medium containing human γ-globulin (5mgml−1; Gamma-
gard, Baxter Healthcare, West Village, CA) to limit the spread of the
virus to surrounding cells and to allow the formation of discrete
plaques (Tebas et al., 1995). Finally, 48 hours later, the viral plaque
formation was visualized by crystal violet staining.
Statistical analysis
Results are expressed as the mean± SEM. Student’s t-test was used to
determine signiﬁcance between the two groups. One-way analysis of
variance with Tukey’s test was used to determine signiﬁcance among
more than two groups. The analyses were performed by GraphPad
Prism 4 (GraphPad Software, La Jolla, CA). P-value of o0.05 was
considered signiﬁcant.
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